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(57) Abstract 

A chromatographic method and device for separating one or several organic substances in a liquid sample. According to the method 
said sample of substances is passed through a chromatographic device containing as separation medium at least one continous macroporous 
matrix. The macroporous matrix comprises a cross-linked organic polymer prepared by polymerisation of a high internal phase emulsion 
system of a water-in-oil emulsion of organic monomers, said emulsion containing at least 75 % by weight of water phase. The polymerisation 
results in an open porous structure, to allow a convective flow to pass through the macroporous matrix, whereby said organic substances 
separate from each other and/or the liquid. The pores of the macroporous matrix are unmodified, or surface modified in a manner that the 
convective flow is not hampered. 
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WO 97/1 9347 PCT/SE96/01 508 

CHROMOTOGRAPHTC METHOD AND DEVICE IN WHICH A CONTINUOUS MACROPOROUS 
ORGANIC MATRIX IS USED 

The present invention relates to a chromatographic 
method for separating one or several organic substances in 
a liquid sample by passing said sample of substances 
5 through a chromatographic device and a chromatographic de- 
vice for that separation. More precisely the invention re- 
lates to a separation method on a chromatographic device 
and the chromatographic device which contains as separat- 
ing medium a continous macroporous matrix. The separation 

10 medium is prepared by polymerization of a high internal 
phase emulsion system. 

A common type of separation technique widely used in 
modern biotechnology is column chromatography. The chroma- 
tographic separation is carried out by forcing a liquid 

15 through a column packed with a matrix consisting of par- 
ticulate beads. A sample which can be a mixture of e.g 
different proteins is introduced at the top of the column 
and then moves with the flow through the column. The pro- 
teins or substances will be retarded on the matrix in such 

20 a manner that proteins having different properties, e.g 

charge, size, hydrophobicity etc, will be retarded differ- 
ently and therefore separated. 

It is desirable that the separation should occur with 
fast kinetics and low band broadening in order to obtain a 

25 fast separation and to be able to well resolve the differ- 
ent substances from each other. To achieve this, the dif- 
fusive transport of the substances in and out of the beads 
has to be minimized, since this will cause band broadening 
and thus loss in resolution. The band broadening effects 

30 will increase with increasing flow rates and with increas- 
ing particle size. These effects have led the manufactur- 
ers of high performance chromatography media to reduce the 
size of the beads. However, small beads bring about other 
problems. Above all, packing with smaller beads gives a 

35 higher back pressure due to the narrowing of the convec- 
tive flow channels in between the particles in a packed 
bed. To compensate for the increased back pressure a 
shorter column can be used which generally results in a 
lower separation capacity, or the column and fluid pumps 
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can be redesigned to withstand higher pressure with accom- 
panying costs. It is also difficult and expensive to pre- 
pare a perfectly packed column from particulate matrices. 
To solve the problem with diffusive transport in and 
5 out of the beads it has been suggested to use a stationary 
phase shaped as a continuous porous plug. WO 90/07965 dis- 
closes a continous, coherent gel plug formed by bulk po- 
lymerization of monomers in such a way that the polymer 
chains adhere to each other in bundles with voids or chan- 

10 nels formed between the bundles. In a later publication 
the inventor of this patent application states that this 
plug can not be used for chromatography, as the plug col- 
laps when pressure is applied. Instead he recommend to 
compress the gel plug 10-15 fold. The compression would 

15 result in non-uniform channels in the plug and produce 
very high back pressures . 

U.S. 5,334,310 relates to a continous macroporous 
polymer plug containing small pores having diameters less 
than about 200 nm and large pores with diameters greater 

20 than about 600 nm . The porous plug is produced by bulk po- 
lymerization of vinyl monomers in the presence of a poro- 
gen. A very high separation efficiency, easiness to pre- 
pare and versatility in the selection of monomer chemistry 
are advantages mentioned for the plug contained in a col- 

25 umn. Due to the irregular structure of the pores in the 
plug and pores with rather small median size, also this 
plug results in separation at relatively high back pres- 
sures . 



30 chromatographic separation method and a chromatographic 
device therefore. 

Thus, the object of the present invention is to pro- 
vide an improved chromatographic separating method and a 
chromatographic device with a separation medium without 

35 the disadvantages mentioned above. 

A further object of the invention is to present a 
chromatographic separation method and a device comprising 
a medium with fast kinetics, with high efficiency, with 
good mechanical properties and with low back pressures. 



Therefore, there is a need for a further improved 
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It is yet another object of the invention to obtain a 
separating method and medium especially suitable for sepa- 
rating large biomolecules or aggregates. 

The objects of the invention are achieved by the 
5 method of chromatographic separation and by the chroma- 
tographic device as claimed in the claims. According to 
the invention a chromatographic method for separating one 
or several organic substances in a liquid sample is ob- 
tained, in which said sample of substances is passed 

10 through a chromatographic device containing as separation 
medium at least one continuous macroporous matrix. The 
macroporous matrix comprises a cross -linked organic poly- 
mer prepared by polymerisation of a high internal phase 
emulsion system of a water- in-oil emulsion of organic 

15 monomers. The emulsion contains at least 75 % by weight of 
water phase, and the polymerisation results in an open po- 
rous structure, to allow a convective flow to pass through 
the macroporous matrix, whereby said organic substances 
separate from each other and/or the liquid. The pores of 

20 the macroporous matrix can be unmodified, or surface modi- 
fied in a manner, that the convective flow is not hampered. 

Further according to the invention a chromatographic 
device is obtained which contains as separation medium at 
least one continuous macroporous matrix. The macroporous 

25 matrix comprises a cross -linked organic polymer prepared 

by polymerisation of a high internal phase emulsion system 
of a water- in-oil emulsion of organic monomers, said emul-j 
sion containing at least 75% by weight of water phase, 
said polymerisation results in an open porous structure, 

30 to allow a convective flow to pass through the macroporous 
matrix. The pores of the macroporous matrix can be unmodi- 
fied, or surface modified in a manner, that the convective 
flow is not hampered. 

It has been found that by preparing the macroporous 

35 matrix by polymerisation of the monomers in the form of a 
high internal phase emulsion, a method is obtained by 
which the organic substances separate from each other in 
the chromatographic device at low back pressures, with 
high theoreti cal plate numbers over a broad range of lin- 
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ear flow rates and that the mass transfer is driven by 
convective flow in the matrix pores. 

The production of polymeric materials by polymeriza- 
tion of a water in oil emulsion having a high internal 
5 phase ratio of water to monomer have been known quite 

long. DE 1 160 616 and DE 1 494 024 disclose the produc- 
tion of porous polymers for isolation materials by polym- 
erization of a high internal phase emulsion of water-in- 
oil type. The water content of the emulsion can be up to 
10 98 %. 

EP 60 138 relates to cross-linked polymeric materials 
with low density and high absorbency. The material is pro- 
duced by vinyl polymerization from a water- in-oil emul- 
sion, where the emulsion contains at least 90 % by weight 

15 of water. None of these patents relates to chromatography. 
EP 288 310 relates to a substrate comprising a porous 
cross-linked polymeric material filled with a gel mate- 
rial . The polymeric material is prepared by the high in- 
ternal phase emulsion technique as described in EP 60 138. 

20 The substrate is used for peptide synthesis but chromatog- 
raphy is also mentioned as a possible field of use. How- 
ever, the peptide synthesis is made on the gel, whereas 
the function of the cross-linked polymeric material is as 
a ridgid framework to enclose the gel . There is no disclo- 

25 sure or examples that the polymeric material could be used 
as stationary phase in chromatography. Less is there any 
information of the advantages of a plug of such a material 
as the stationary phase in column chromatography. On the 
contrary, the invention disclosed in EP 60 138 would not 

30 function in a method using the continuous matrix for chro- 
matography, since the gel filled pores would not allow 
convective flow through the matrix. In EP 288 310 the sub- 
strate is used in particulate form. The material is 
crushed, and packed in the column. The draw-backs with a 

35 packed column, as mentioned in the introduction, are then 
also obtained. 

The improvement with the method and the chroma- 
tographic device according to the invention is related to 
the macroporous cross-linked organic polymer. The polymer 
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is prepared with the so called HIPE technique (High Inter- 
nal Phase Emulsion) . According to this technique a high 
amount of water is emulsified into the monomer phase, 
which is the oil phase. The water phase can optionally 
5 contain one or more dissolved salts, e.g. sodium chloride, 
sodium sulphate, ammonium sulphate etc. The emulsion con- 
tains at least 75 % by weight of water based on the mono- 
mer/water composition. Preferably the emulsion contains at 
least 90 % by weight of water phase. The polymerisation of 

10 the emulsion results in a material with a very open and 

regular three dimensional structure. In the polymer struc- 
ture an open pore foamlike structure is built up by cavi- 
ties in the form of spheres with connecting pores between 
the spheres so that a continuous void or pore phase is 

15 formed throughout the matrix. This structure has a low 

solid content, down to a few per cent, but very good me- 
chanical qualities. The open structure of the matrix en- 
ables a convective flow with very low back pressure even 
at high flowrates. 

20 In contrast to the matrix of the chromatographic de- 

vice according to the invention, bulk polymerisation with N 
a porogen as used e.g. in U.S.5, 334,310 for the production 
of the matrix, results in a more irregular structure, com- 
posed of clustered aggregates. In this manner there are 

25 often obtained two descrete classes of pores, the through 
flow pores and the separation pores. The through flow 
pores are the voids between the aggregates and the separa- 
tion pores are the pores in the aggregates. This matrix 
has a lower mechanical strength, a higher matrix content, 

30 at least 30 % of the matrix by volume, and a much higher 

back pressure, usually 10 to 50 times higher than a matrix 
prepared by the HIPE technique. 

To obtain a high internal phase water- in-oil emulsion, 
the monomers in the oil phase must be hydrophobic. The 

35 cross-linked polymer of the matrix is normally prepared by 
free radical polymerization of hydrophobic monomers and 
crosslinkers . Suitable monomers include one or more alkene 
groups, i.e. a substituted or non-substituted vinyl group 
(monof unctional , difunctional and polyf unct ional vinyl 
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monomers) . As preferred monomers can be mentioned deriva- 
tives of styrene monomers, vinyl benzene, hydrophobic 
acrylate or methacrylate monomers , such as dodecyl meth- 
acrylate, octadecyl methacrylate, perf luoroalkylacrylates , 
5 derivatives of acrylamides and monomers containing func- 
tional groups such as glycidyl methacrylate. As crosslink - 
ers can be used any di or polyf unct ional vinyl monomer e.g 
divinylbenzene, alkane diol acrylates or methacrylates 
e.g. ethylene glycol dimethacrylate , butan diol dimeth- 

10 acrylate, hexane diol dimethacrylate and trimethylol pro- 
pane trimethacrylate . 

The chromatographic qualities of the macroporous ma- 
trix are dependent on pore structure . A change in the pore 
size influences the surface area, the number of theoreti- 

15 cal plates, the pressure -flow characteristics etc. The 

choice and amount of emulsifier are important for the pore 
structure. The emulsion shall always contain an emulsifier 
which will provide an inverse emulsion together with water 
and oil phase (see DE-A-1160616 and EP-A-60138) . Suitable 

20 emulsifiers are monoesters of Cxo-25 carboxylic acids and 

sugar alcohols and block copolymers containing both hydro- 
philic and hydrophobic segments, for example sorbitane 
monooleate and polyethyleneglycol polyhydroxystearic acid. 
The amount of emulsifier for stable emulsions lies nor- 

25 mally within the range 0.5-30 % by weight in relation to 
the oil phase . 

Another important parameter influencing the pore size 
is the content of water of the emulsion. If the content 
increases from about 90 % to 95 % the pore size will in- 

30 crease resulting in a more open structure of the matrix. 

Generally the diameter of the pores of the matrix lies be- 
tween about 0.5 - 100 urn. Preferably the macroporous ma- 
trix contains spherical pores with a pore diameter between 
3-25 um, most preferably 5-25 um and connecting pores 

35 with a pore diameter between 0.5 - 15 um. 

The emulsions are prepared by mixing the monomers, the 
emulsifier/s and the initiator if an oil-soluble one is 
used. Otherwise the water-soluble initiator is dissolved 
in the water. When the oil phase is homogeneous, water is 
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added slowly. The mixture is vigorously stirred. The emul- 
sion is added to a mold and the temperature is preferably 
raised to start the polymerisation. The emulsion can be 
prepared at ambient temperature. The polymerization tern- 
5 perature can be varied during the polymerization process 
but it is important that the temperature is controlled so 
that the emulsion will not collaps. Generally the tempera- 
ture should be kept at least 10°C below the boiling point 
of water and the boiling point of the other components, 

10 normally below 90°C. Suitably the emulsion can be kept ini- 
tially at one temperature for polymerization whereafter 
the temperature is raised to further cure the product. 

The polymerization can be initiated by conventional 
radical initiators. The initiators may be either water- 

15 soluble or oil-soluble. Examples of initiators are azo- 
compounds (oil-soluble) , hydrophobic peroxides (oil- 
soluble) , perbenzoates (oil soluble), persulphates (water- 
soluble), different redox systems, e.g hydrogen peroxide + 
water (Fenton's reagent, water soluble) or aniline + ben- 

20 zoyl peroxide (oil soluble) . 

Polymerization may also be initiated via UV radiation, 
y-radiation, electron beam radiation etc. After polymerisa- 
tion the polymer matrix is washed and used in a chroma- 
tographic separation device. The separation device can be 

25 in a wide variety of shapes and formats. The device can 
either be in the form of a holder containing the matrix, 
or the device can be a self-supporting form of the matrix. 
As example of holders can be mentioned columns, filled 
pipette tips, syringes, spiral form, tubes etc. Self- 

30 supporting device can for example be in the form of slabs, 
microtiter plates and hollow cylinders. A prefered em- 
bodiment of the device is a column containing one or sev- 
eral matrices . 

The liquid may be forced through the matrix by pump- 

35 ing, suction, centrifugal forces or gravity. 

The matrix may be shaped into the desired configura- 
tion directly in the mould, or it can be shaped after the 
polymerization by cutting, drilling, sawing etc into the 
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desired shape e.g a plug, cylinder, brick, sheet, tablet, 
plate or slab. 

The separation device contains at least one matrix en- 
tity but it is possible to use two or more matrices in the 

5 same device to increase the length of the separation me- 
dium, or to stack matrices with different functionalities 
on top of each other. The size of the matrices will depend 
on the dimensions of the device and can vary from short 
capillaries to very large columns with up to 1 m in di- 

10 ameter and 2 meters in bed height. 

A suitable configuration of the matrix is a cylinder 
which is inserted into an empty column. The matrix should 
have a diameter slightly larger than the diameter of the 
column to be used. The matrix is pressed into the column 

15 to ensure that it seals against the column wall. Thereby 
the flow is forced through the whole area of the matrix. 
This manner of matrix production is preferable for all 
types of cylindrical columns except for capillary columns. 
It is generally not suitable to cast the matrix direcly in 

20 the column as described in U . S . 5 , 334 , 310 , as the polymer 

matrix shrinks during the washing procedure . This can lead 
to leakage between the matrix and the column wall. 

The column as such, according to the invention, can 
be any conventional column, with material, shape and size 

25 being varied within wide limits. The column tube should be 
substantially rigid and can be made of, for example, metal 
such as stainless steal or titan, glass or a rigid poly- 
mer. The adaptors and spreader of ordinary columns, de- 
signed for traditional particulate media, are however, 

30 usually less suitable to use according to the invention, 
as they require a back pressure from the matrix in order 
to distribute the sample over the whole matrix area. The 
matrices according to the invention are highly porous and 
create almost no back pressure. As the radial diffusion of 

35 the sample in the matrix is very limited, the sample has 
to be thoroughly spread out before it penetrates the end 
surface of the matrix. Otherwise the flow will only pass a 
smaller part of the volume of the matrix. An adaptor with 
a centered inlet and a spreader cone, in the top of the 
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column, which will distribute the sample over the whole 
matrix is preferred. In the bottom the adaptor can be a 
so called ring spreader, optionally with a supporting net. 
A suitable arrangement of adaptors is disclosed in PCT 
5 /SE95/00632. 

For very narrow columns, i.e. capillary columns, it is 
possible to directly cast the plug in the column. With 
capillary coulumns is meant columns with a diameter less 
than about 2 mm and lengths between about 10-10000 cm. 

10 Capillary columns can be made from capillary material that 
adheres to the polymerized material even after washing. 
This will inhibit the formation of a gap between the ma- 
trix and the capillary wall and ensures that the flow 
passes through the whole cross-section of the capillary. 

15 Thus it has been found that capillaries made out of steel 
gives good adhesion and the matrix can be cast directly in 
such a capillary and separate organic molecules, while in 
a capillary made out of titanum, a gap will form between 
matrix and wall, thus impairing the separation. 

20 Columns can also be made in a mould consisting of e.g. 

teflon® tubing, and in a second step transfer the free 
standing capillary to shrinkage tubing and/or cast a poly- 
mer resin around the capillary to ensure that no flow 
passes between matrix and column wall . 

25 According to the method of invention, separation can 

be done at a very low back pressure and with high theo- 
retical plate numbers. With a low back pressure is meant 
0.02-2 bar/cm column length at a linear velocity of 1000 
cm/hour. High theoretical plate numbers means about 2000 

30 100.000 theoretical plates/m. 

A further embodiment of the invention is separa- 
tion on a column containing a matrix having a secondary 
pore structure within the matrix walls. This structure is 
produced by adding a solvent to the oil phase of the wa- 

35 ter-in-oil emulsion. The extent and size of the created 
secondary pore structure is controlled by the choice of 
solvent. By this method the surface area can be increased 

2 2 

e.g. from 10 m /g to up to about 500 m /g . The chroma- 
tographic performance is for some applications, e.g re- 
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versed phase separation of peptides, improved by introduc- 
ing a secondary pore structure, whereas the mechanical 
stability of the material is decreased. Two different 
types of solvent can be used. One is a solvent for the 

5 formed polymer and works by swelling the formed polymeric 
network. The obtained pores are very small usually less 
than 500 A. The other type is a solvent for the monomer 
but precipitates the polymer, a so called porogen. There 
is a phase separation between the porogen and the polymer 

10 during polymerisation. The resultant pores are usually 

within the size 500 A - 10000 A. The choice of solvent for 
the production of matrix according to the invention is 
different compared with porous particles according to the 
suspension procedure. In the latter case it is common to 

15 use some higher alcohol or carboxylic acid. However, these 
porogens have surface active qualities which leads to 
destabilisation of the emulsion. Suitable porogens for the 
high internal phase emulsion are alifatic and aromatic hy- 
drocarbons, e.g. n-hexane, n-octane, n-dodecane and tolu- 



According to a further aspect of the method according 
to the invention the pores of the porous matrix are sur- 
face modified in a thin layer in such a way that the pores 
are not clogged or filled, to allow a convective flow to 

25 pass through the porous matrix. Preferably the thin layer 
is less than 2 urn, most prererably between 0.0005 - 0.5 
um. Suitably the pores are surface modified with with ion 
exchange ligands, hydrophobic ligands, chelating ligands 
or affinity ligands or by physical adsorption or covalent 

30 coupling of a hydrophilic polymer which can be cross - 

linked. The hydrophilic polymer can then be derivatized 
with ion exchange ligands, hydrophobic ligands, chelating 
ligands or affinity ligands. As suitable hydrophilic poly- 
mers can be mentioned phenyldextrane , allyldextrane , aga- 

35 rose and derivatives thereof, water soluble cellulose de- 
rivatives, starch derivatives and water soluble synthetic 
polymers such as polyvinylalcohol and derivatives thereof, 
poly { hydr oxy ethyl vinyl ether) and derivatives thereof, 
polyethyleneglycol , poly (hydroxy ethyl acrylates) , poly- 



20 



ene . 
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acrylic acids, poly (vinyl N-pyrrolidone) and polyacryla- 
mides among many others. 

The method and device according to the invention can 
be used for separation of all types of organic molecules, 
5 but preferably for separation of biomolecules, especially 
large biomolecules or aggregates with a molecular weight 
over 100.000 Daltons, since the large pores of the matrix 
will not exclude even very large molecules, with up to 
10.000.000 Daltons in molecular weight. Example of such 
10 molecules are proteins, peptides, nucleic acids, oligonu- 
cleotides, cells or viruses. The macroporous matrix used 
according to the invention has a highly hydrophobic sur- 
face and thus is very suitable for reversed phase chroma- 
tography. However, as mentioned above the surface can be 
15 modified and the macroporous matrix can then be used in 

other common liquid chromatography methods such as ion ex- 
change chromatography, hydrophobic interaction chromatog- 
raphy or affinity chromatography. 

The invention will now be illustrated with the follow- 
20 ing examples, which however are not intended to limit the 
invention. The results from the examples are shown in the 
figures , whereby 

Fig. 1 relates to an RPC separation of five peptides 
in example 5 . 

25 Fig. 2 relates to an RPC separation of five proteins 

in example 6 . 
Fig. 3 relates to an ion exchange chromatography 

separation of four proteins in example 7. 
Fig. 4 relates to an RPC separation of five peptides 
30 in example 10. In the figures AU means absor- 

bance . 

Flow properties and plate numbers of the continuous 
matrices . 

35 Example 1 -4 : 

Synthesis of matrices 

0.3 g of the initiator 2,2 -azobis(2,4- 
dimethylvaleronitrile) was dissolved in the oil phase con- 
sisting of 13 g styrene and 13 g divinylbenzene together 
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with the surfactants which were Hypermer® B261 (ICI) and 
sorbitanmonooleate (SPAN® 80 from Fluka) . The oil phase 
was transferred to a 500 ml reactor equipped with a stir- 
rer. The stirring speed was set to 500 rpm and water was 

5 slowly added, 2-4 ml per minute. When all water had been 
added the stirring continued for another 15 minutes. 

The highly viscous water-in -oil emulsion was then 
transferred to a teflon coated 225 ml mould which was 
heated at 50 °C for 16 hours and then at 70°C for another 

10 24 hours. The polymerized continuous matrix was taken out 
of the mould and transferred to a column with rubber tub- 
ing along the wall. By applying pressurized air the tubing 
was inflated and was pressed against the continuous ma- 
trix. The matrix was first washed with 3 column volumes of 

15 acetone, then with a gradient going from acetone to water 
over 10 column volumes and finally with 3 column volumes 
of water. During washing the matrix will shrink, but the 
inflated tubing ensures that the matrix has a tight fit- 
ting to the column during the wash steps. 

20 The matrix was then cut out to two different dimen- 

sions, with about 0.05 % larger matrix diameter than the 
column diameter: 

a) 16 mm in diameter and 50 mm in length (16/50) 

b) 35 mm in diameter and 10 mm in length (35/10) 

25 The shaped matrices were pushed into columns with 16 

mm and 35 mm respectively in diameter. As shown in PCT ap- 
plication SE95/00632 the mounting and design of flow dis- 
tribution is of high importance to achieve high plate num- 
bers . 

30 Matrices with different pore size and solids content 

were made by varying monomer content and emulsifier compo- 
sition. Size of cavities and connecting pores was esti- 
mated from scanning electron microscopy. 

Using the formula N= 16(t r /w) 2 /L where N is the number 

35 of plates, t r is elution volume in ml, w is peak breadth at 
baseline in ml, and L is the length of the column, plate 
numbers were calculated from a pulse of 50 microliter NaNC>3 
in 0.5 M NaCl using 0.5 M NaCl as buffer in a Pharmacia 
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FPLC™ liquid chromatography system equipped with a UV 
monitor . 

The matrices in general showed very good flow proper- 
ties together with high plate numbers. The results are 
5 shown in table 1 . 



Ex. 
no 


Hyp- 
ei in — 
er 

(g) 


SPAN 
o yj 

(g) 


wat- 
er 

(g) 


cav. 
size 
(urn) 


pore 
size 
(urn) 


cm/h at 

3 bars for 

16/50 35/10 


plate hight in 
um 

at flow rate 
in cm/h 


16/50 


35/10 


300 


1000 


300 


1 


o.l 


2.2 


260 


10-20 


1-8 


2000 


4000 


29 


32 


23 


2 


0 . 7 


2.2 


555 


15-25 


3-15 


7000 


5000 


33 


32 


30 


3 




5.2 


281 


3-8 


0.5-3 


200 


1000 


34 




24 


4 




5.2 


414 


3-8 


0.5-3.5 


300 


1000 


57 




19 



10 

Flow measurements on empty columns gave a linear flow 
at 3 bars of 20.000 cm/h "for the 16/50 column and 5000 
cra/h for the 35/10 column. 

15 Peptide separation using a reversed phase continuous 

matrix. 

Example $ : 

A water-in-oil emulsion was made as in example 1. 
Slightly conical HDPE (high density polyethylene) columns 
20 1 cm in diameter was filled with the highly viscous emul- 
sion and was then heated overnight at 50°C and at 70°C for 
another 24 hours. The columns were thoroughly washed with 
acetone and water. 
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Cylinders 5.5 mm in diameter and 10-15 mm in height 
were cut out from the matrix and pushed into an HR 5/5 
column (Pharmacia Biotech) . Several cylinders were placed 
on top of each other in the same column giving a total 

5 length of 5 cm. The column was mounted in a FPLC™ liquid 
c hroma t ogr aphy system with 0.125 % t r i f luorac t ic acid (aq) 
in buffer A and a 90/10 mixture of acetonitrile water con- 
taining 0.1 % trif luoracetic acid in buffer B. 

25 fil of a sample mixture containing 12.5 /zg of 

10 five peptides ( va!5Angiotensin II, Angiotensin III, Angio- 
tensin I, Insulin B chain, all from Sigma, and HGRF 1-29 
from Pharmacia Biotech) was loaded onto the column. The 
sample was eluted with a gradient going from 5 % B buffer 
to 45 % B buffer over 20 column volumes. Flow rate was 1 

15 ml/min. The mixture was separated into 5 peaks, the last 
three with baseline resolution, the two first were not 
fully separated from each other. See Fig. 1. 
Example 6 : 

A continuous 16/50 column was prepared as in example 

20 1 and mounted in a Pharmacia LKB HPLC system. 100 jil of a 
mixture containing 0.5 mg of five proteins (Ribonuclease 
A, Cytochrome C, Lysozyme , Albumin and. b-lactoglublin, all 
from Sigma) were loaded on the column and eluted with 
gradient going from 18 % acetonitrile to 54 % acetonitrile 

25 in 2 column volumes. Flow rate 10 ml/min. The proteins 

eluted in five well separated peaks in less than two min- 
utes. See Fig. 2. 

Protein separation using a ion exchange continuous 
matrix . 

30 Example : 7 

A v 16/50 column containing a continuous matrix was 
prepared as in example 1. An aqueous solution containing 2 
% (by weight) of phenyldextrane (mol . weight 500.000, sub- 
stitution degree 0.2 phenyl groups per monosaccharide) was 

35 pumped through the column with 4 ml per minute for 16 

hours. The column was washed with four column volumes of 
water . 

Through a T-connect ion, 2 ml/min of 2 M sodium hydrox- 
ide and 2 ml/min of 35 % glycidyltrimethylammoniumchlo- 
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ride were mixed and pumped through the column for 4 hours. 
The column was then washed with 10 column volumes of pure 
water and 5 column volumes of 1 M sodium chloride. 

The obtained ion exchange column had an ion capacity 

5 of 5 . 6 ptmole CI "/ml matrix. 

Dynamic capacity was measured by running a break- 
through curve with BSA using an FPLC™ liquid chromatogra- 
phy system and 1 mg BSA/ml in a buffer solution containing 
50 mM tris (hydroxymethyl) -aminomethane (pH 8). The dynamic 

0 capacity was found to be independent of flow rate, 5 mg 
BSA/ml for both 300 and 1000 cm/h. 

A separation was performed with a mixture containing - 
0.5 mg transferrin, 1.0 mg ovalbumin and 1 . 0 mg b lacto- 
globulin (A and B) in 10 mM piperazine, pH 6 , by gradient 

5 elution going from 0-0.3 M sodiumchloride over 9 column 

volumes. The proteins separated with good resolution (Fig. 
3), and the resolution was retained over a broad range of 
flow rates, 300-1500 cm/h. 

Acrylate matrix as an continuous RPC media. 

0 Example 8: 

0.15 g V-65® (azobis (dimethylvaleronitrile) , 1.1 g 
SPAN® 80, 035 g Hypermer® B261 were dissolved in 6.5 g oc- 
tadecylmethacrylate and 6.5 g ethyleneglycoldimethacrylate 
in a 250 ml beaker. 130 g water were added dropwise with 

5 stirring over 10 minutes. Slightly conical HDPE columns 1 
cm in diameter were filled with the high viscous internal 
emulsion and was then heated overnight at 50°C and at 70°C 
for another 24 hours. The columns were thoroughly washed 
with acetone and water, and then plugs with 5 mm in diame- 

0 ter were cut out of the filled HDPE columns. The plugs 
were pushed into a HR 5/5 column, and the same peptide 
separation as in example 5 was performed giving roughly 
the same resolution and selectivities . 

Perf luorinated matrix as continuous RPC media 

5 Example 9 : 

A solution was prepared of 4.8 g hexadekaf luorodecyl 
methacrylate, 8.2 g technical divinylbenzene (60%), 0.15 g 
V-65, 1.1 g sorbitan monooleate and 0.35 g nonionic poly- 
meric surfactant (Hypermer B261) . 130 g water was added 
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during 10 min and emulsified in the organic phase with a 
Collomixer stirrer propeller at 400 rpm. The viscous emul- 
sion was poured into a HDPE container and left to polymer- 
ize at 50°C for 24 h. A solid plug was formed, which was 
trimmed at the upper and lower ends . The porous plug was 
then washed by acetone and water consecutively pumped 
through the material, and then plugs with 5 mm in diameter 
were cut out of the filled HDPE columns. The plugs was 
pushed into a HR 5/5 column, and the same peptide separa- 
tion test as in example 5 was performed giving roughly the 
same resolution and selectivities . 

Continuous matrices with large surface area as RPC me- 
dia. 

Example 10-11: 

0.19 g SPAN 80, 0.06 g Hypermer B261, 2.24 g divinyl - 
benzene (65 %) , 2.24 g styrene , 0.05 g azobisdimethylva- 
leronitrile and organic solvent were mixed in a 250 ml 
beaker, and 46 g water was added dropwise while stirring 
with a magnetic stirrer. Slightly conical HDPE columns 1 
cm in diameter were filled with the high viscous water- in- 
oil emulsion and heated overnight at 50°C, then at 70°C 
for another 24 hours. The columns were thoroughly washed 
with acetone and water, and then plugs with 5.5 mm in di- 
ameter was cut out of the column. 

Surface area measurements were made with nitrogen ad- 
sorption (BET method) which showed that the addition of 
organic solvent increased the surface area. 



Example 


solvent 


amount 

(g) 


surface 
area m 2 


5 


none 




10 


10 


octane 


1 .26 


46 


11 


toluen 


2.24 


66 



The plugs were pushed into a HR 5/5 column as in exam- 
ple 5, and the same peptide separation was performed, giv- 
ing an improved resolution with both example 10 and 11 
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compared with the low surface area matrice in example 5. 
See Fig 4 . 

Continuous matrix in shrinking tubing. 

Example 12 : 

5 An inverse emulsion was prepared according to the pro- 

cedure in example 1. With a syringe, a glass column, 5 mm 
in diameter and 115 mm in length was filled with the emul- 
sion. The tubing was heated at 50°C over night and then at 
70°C for another 3 hours. The tubing was washed with ace- 

10 tone and water, which caused the continuous matrice tube 
to shrink to 4.85 mm in diameter. The matrice was taken 
out of the teflon coating and was then placed in a shrink- 
age tubing FIT-221 (crosslinked polyolefin from EL.FA) 
which was heated to 120° so that it shrank to a tight fit- 

15 ting around the matrice tube. The shrinkage tubing with 
matrice was then placed in another shrinkage tube which 
was sealed at one end and then filled with epoxy mould 
(Permabond® E27 from Sikema) which was cured at 50°C for 1 
hour . 

20 The cured epoxy mould was strong enough to permit 

flows up to 1 ml/min without getting leakage between the 
matrice and the inner wall of the tubing. A separation was 
performed with a peptide mixture as in example 5, with 
similar results regarding resolution and selectivity. 

25 Continuous matrix in long capillaries. 

Example 13 : 

An inverse emulsion was prepared according to the pro- 
cedure in example 1. With a syringe, a 2100 mm long steel 
capillary (0.75 mm inner diameter) was filled with the 

30 emulsion which was polymerized by heating at 50°C over- 
night and than at 70 °C for another three hours. 

The steel capillary containing continuous matrix was 
then washed with acetonitrile containing 0.1 % 
trif luoracetic acid. When casted in this capillary, the 

35 matrix could be washed without shrinkage. Shrinkage of 
the matrix will form a gap which would cause the flow to 
pass between the matrix and the inner wall of the capil- 
lary, thus disrupting any separation. 
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In a SMART™ liquid chromatography system (Pharmacia 
Biotech) the same peptides as in example 5 were separated 
by gradient elution with acetonitrile , with a slightly 
lower resolution than achieved in example 5. Even though 
5 the column was very long and narrow, the back pressure was 
still kept at a relatively low level, 30 bars at a flow 
rate of 1400 cm/h 



10 
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Claims 

1. A chromatographic method for separating one or sev- 
eral organic substances in a liquid sample characterized in 
passing said sample of substances through a chromatographic 

> device containing as separation medium at least one con- 
tinuous macroporous matrix, said macroporous matrix com- 
prises a cross -linked organic polymer prepared by polymeri- 
sation of a high internal phase emulsion system of a water- 
in-oil emulsion of organic monomers, said emulsion contain- 

) ing at least 75 % by weight of water phase, said polymeri- 
sation results in an open porous structure, to allow a con- 
vective flow to pass through the macroporous matrix, 
whereby said organic substances separate from each other 
and/or the liquid and the pores of the macroporous matrix 

5 are unmodified, or surface modified in a manner that the 
convective flow is not hampered. 

2. A method according to claim 1, characterized in that 
the organic substances separate from each other in the 
chromatographic device at a low back pressure, with high 

) theoretical plate numbers over a broad range of linear flow 
rates and that the mass transfer is driven by convective 
flow in the matrix pores. 

3. A method according to claim 1, characterized in that 
said emulsion contains at least 90% by weight of water 

5 phase . 

4. A method according to claim 1, characterized in that 
the chromatographic device contains two or more matrices. 

5. A method according to claim 1, chararac terized in 
that the cross-linked organic polymer is prepared by free 

3 radical polymerisation of hydrophobic monomers and cross 
linkers . 

6. A method according to claim 5, characterized in that 
the monomers are styrene/divinylbenzene . 

7. A method according to claim 5, characterized in that 
5 the monomers are hydrophobic acrylate or methacrylate mono- 
mers cross-linked by alkane diol acrylates . 
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8. A method according to claim 1, characterized in that 
the diameter of the pores of the macroporous matrix lies 

between about 0.5-100 um. 

9. A method according to claim 8, characterized in that 
5 the macroporous matrix contains spherical pores with a pore 

diameter between 3 - 25 um and connecting pores with a pore 

diameter between 0.5-15 um. 

10. A method according to claim 1, characterized in 
that the oil phase of the water in oil emulsion contains a 
solvent . 

11. A method according to any of claims 1-10, characte- 
rized in that the pores of the porous matrix are surface 
modified in a thin layer in such a way that the pores are 
not clogged or filled, to allow a convective flow to pass 
through the porous matrix . 

12. A method according to claim 11, characterized in 

that the thin layer is less than 2 um. 

13. A method according to claim 11, characterized in 
that the pores are surface modified with ion exchange li- 
gands, hydrophobic ligands, chelating ligands or affinity 
ligands. 

14. A method according to claim 11, characterized in 
that pores are surface modified by physical adsorption or 
covalent coupling of a hydrophilic polymer which can be 
cross- linked . 

15. A method according to claim 14, characterized in 
that the hydrophilic polymer is derivatized with ion ex- 
change ligands, hydrophobic ligands, chelating ligands or 
affinity ligands. 

16. A method according to claim 1, characterized in 
that the organic substances separate by reversed phase 
chromatography, by ion exchange chromatography, by hydrop- 
hobic interaction chromatography or affinity chromatograp- 
hy. 

17. A method according to claim 1, characterized in 
that the organic substances are biomolecules such as prote- 
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ins, peptides, nucleic acids, oligonucleotides, cells or 
viruses. 

18. A method according to claim 1, characterized in 
that the device is a column. 

5 19 . A chromatographic device containing as separation 

medium at least one continuous macroporous matrix, charac- 
terized in that the macroporous matrix comprises a cross- 
linked organic polymer prepared by polymerisation of a high 
internal phase emulsion system of a water-in-oil emulsion 

0 of organic monomers, said emulsion containing at least 75% 
by weight of water phase, said polymerisation results in an 
open porous structure to allow a convective flow to pass 
through the macroporous matrix and that the pores of the 
macroporous matrix are unmodified. 

5 20. A chromatographic device containing as separation 

medium at least one continuous macroporous matrix, charac- 
terized in that the macroporous matrix comprises a cross- 
linked organic polymer prepared by polymerisation of a high 
internal phase emulsion system of a water-in-oil emulsion 

[> of organic monomers, said emulsion containing at least 75% 
by weight of water phase, said polymerisation results in an 
open porous structure to allow a convective flow to pass 
through the macroporous matrix and that the pores of the 
macroporous matrix are surface modified in a manner that 

5 the convective flow is not hampered. 

21. A device according to claims 19 or 20, characteri- 
zed in that said emulsion contains at least 90% by weight 
of water phase. 

22. A device according to claims 19 or 20, characteri- 

) zed in that the chromatographic device contains two or more 
matrices . 

23. A device according to claim 19 or 20, characterized 
in that the cross-linked organic polymer is prepared by 
free radical polymerisation of hydrophobic monomers and 

> cross linkers. 

24. A device according to claim 23, characterized in 
that the monomers are styrene/divinylbenzene . 
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25. A device according to claim 23, characterized in 
that the monomers are hydrophobic acrylate or methacrylate 
monomers cross- linked by alkane diol acrylates. 

26. A device according to claim 19 or 20, characterized 
5 in that the diameter of the pores of the macroporous matrix 

lies between about 0.5-100 um. 

27. A device according to claim 26, characterized in 
that the macroporous matrix contains spherical pores with a 
pore diameter between 3 - 25 um and connecting pores with a 

10 pore diameter between 0.5-15 um. 

28. A device according to claim 19 or 20, characterized 
in that the oil phase of the water in oil emulsion contains 
a solvent . 

29. A device according to any of claims 19 or 20, cha- 
15 racterized in that the pores of the porous matrix are sur- 
face modified in a thin layer in such a way that the pores 
are not clogged or filled to allow a convective flow to 
pass through the porous matrix. 

30. A device according to claim 29, characterized in 

20 that the thin layer is less than 2 um. 

31. A device according to claim 29, characterized in 
that the pores are surface modified with ion exchange li- 
gands, hydrophobic ligands, chelating ligands or affinity 
ligands . 

25 32. A device according to claim 29, characterized in 

that pores are surface modified by physical adsorption or 
covalent coupling of a hydrophilic polymer which can be 
cross- linked . 

33. A device according to claim 32, characterized in 
30 that the hydrophilic polymer is derivatized with ion ex- 
change ligands, hydrophobic ligands, chelating ligands or 
affinity ligands. 

34. A device according to claim 19 or 20, characterized 
in that the device is a column. 
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